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PREFACE 
The Regional Water Policies project  of IIASA focuses on regions with intense 
socio-economic development where both groundwater and surfacewater are in- 
tegrating elements of the  environment. 
Regions with open-pit lignite mining are one of t he  conspicuous examples of 
complex interactions in socio-economic and environmental systems. The activities 
of t he  mining industry interfere  hardly with t he  interests  of different w a t e r  users  
in such regions, having severe  repercussions on both t he  regional economy and on 
nature areas. 
There is an apparen t  need f o r  t he  analysis of long-term regional water poli- 
cies t o  reconcile conflicting interest  in regions with open-pit lignite mining, taking 
into account national socio-economical objectives. Within t he  Regional Water Poli- 
cies project  in collaboration with research  institutes in the  GDR and Poland 
methods and models are under development t o  support this analysis. Besides purely 
mathematical approaches,  e.g. f o r  multi-criteria analysis, less formal approaches 
are studied, considering behavioral aspects of t h e  decision makers. One of these 
approaches is "gaming". 
The paper  descr ibes  the  game MINE as a f i r s t  attempt to apply "gaming". This 
work is done mainly by E. Weigkricht in partial  fulfillment of h e r  Diplom thesis at 
t he  Vienna University. I t  has  been initiated and supported by Dennis Meadows 
within the  Integrative and Special Studies project  at IIASA. 
S. Orlovski 
Project  Leader 
Regional Water Policies Project  
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ABSTRACT 
The game MINE has  been developed f o r  t h e  analysis of regional water policies in 
open-pit lignite mining areas. I t  i s  implemented f o r  a GDR test area. The purpose  
of t h e  game is  above a l l  t o  t each  decision makers and t h e i r  staff in mining regions 
in o r d e r  t o  ge t  a b e t t e r  understanding of t h e  complex in te r re la ted  socio-economic 
processes  with r e s p e c t  t o  water management in such regions.  The game is  designed 
t o  be  played by five groups  of p layers  represent ing municipal and industrial  water 
supply, agr icu l tu re ,  environmental protect ion and lignite mining. Two versions are 
available, one in BASIC f o r  simple micro-computers as t h e  Apple I1 combined with a 
gaming board,  a n o t h e r  one in FORTRAN f o r  t h e  VAX o r  ALTOS combined with so- 
phist icated co lo r  graphics .  
The p a p e r  desc r ibes  t h e  game, i t s  p rac t i ca l  application and f i r s t  exper iences  in 
playing t h e  game. 
- vii - 
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MINE 
A Game fo r  t h e  Analysis of Regional Water 
Policies in Open-Pit Lignite Mining Areas 
E. Weigkricht and S. Kaden 
1. BACKGROUND 
The impact of lignite mining on water resources  c r ea t e s  significant conflicts 
between the  different water users  in mining regions. A detailed analysis is given 
by Kaden et al. 1985a,b. The most important interest  groups consist of mining, 
municipal and industrial water supply groups in t he  region, and in many cases  also 
down-stream water users ,  a s  well a s  agricultural groups and environmental protec- 
tion a reas .  There is  an apparent  need f o r  the  analysis of long-term regional water 
policies t o  reconcile conflicting interests  in regions with open-pit lignite mining. 
The IIASA study "Water Policies: Regions with Open-Pit Lignite Mining" within 
t he  Regional Water Policies project  is directed towards the  development of 
methods and models t o  support  such analysis. This research  is based on a test 
a r e a  in the  GDR, f o r  a description see Kaden et al. 1985a. In Figure 1 a scheme of 
the  test a r e a  is given, indicating both the  interest  groups and the  control actions 
fo r  regional water management. 
Two principle problems have t o  be solved f o r  t he  long-term development of 
open-pit lignite mining a r e a s  (Kadan et al. 1985a): 
1. To find "good" long-term strategies  oriented towards achieving a p rope r  
balance between national and regional economic needs, regional social 
needs and the  regional preservation of t he  environment. 
2. To find and realize controlling policies in o r d e r  t o  d i rec t  the  regional 
development according t o  t he  estimated "good" long-term strategies.  
Figure 1. GDR Test Area 
Based on t h a t  t h e  f irst  s tage  of analysis is di rec ted  towards generating ra t ional  
scenar ios  of t h e  long-term regional development based on p r e f e r e n c e s  of a Central  
Planning Authority. In t h e  second s tage  feasible regulation policies are studied in 
o r d e r  t o  d i r e c t  t h e  behavior  of water  u s e r s  and consequently t h e  regional 
development along t h e  r e f e r e n c e  scenar ios  obtained at t h e  f i r s t  s tage.  
The fundamental tool f o r  both s tages  of anaiysis i s  a n  a p p r o p r i a t e  model sys- 
tem suitable f o r  analyzing long-term regional water policies. The methodological 
approach  f o r  such a system is  descr ibed by Kaden et a l .  1985a. To summarize, tak- 
ing into account t h e  policy-making real i ty  re la ted  t o  long-term regional water 
management and planning two dif ferent  step-sizes discretizing t h e  p l a n n i n g  hor-  
i z o n  T (N 50 years )  are considered: 
- t h e  p l a n n i n g  p e r i o d s  between 1 and 15 y e a r s  as t h e  time s t e p  f o r  prin- 
cipal  management/technological decisions (e.g. water allocation from 
mines, water t rea tment)  
- t h e  management  p e r i o d s  of one month f o r  management decisions within 
one y e a r  re la ted  t o  short-term c r i t e r i a  as t h e  satisfaction of monthly wa- 
ter demand. 
Based on t h a t  t h e  model system consists  of two major components. 
- t h e  p l a n n i n g  model f o r  dynamic multi-criteria analysis f o r  a l l  planning 
per iods  in t h e  planning horizon, 
- t h e  management  model f o r  t h e  s tochast ic  simulation of monthly systems 
behavior  in t h e  planning horizon. 
Whereas t h e  f i r s t  s tage  of analysis i s  based on t h e  application of purely mathemat- 
ical tools t h e  second s tage  has  t o  consider behaviorai  a spec t s  by t h e  help of less  
formal approaches .  One a t tempt  t h e r e f o r e  is  t h e  application of "gaming". I t  opens  
a n  easy way f o r  t h e  involvement of t h e  decision making p rocess  into mathematical 
modeling and improves t h e  communication between scientists  and decision makers.  
The game MINE being descr ibed in t h e  following is a f i r s t  a t tempt  t o  apply 
gaming f o r  t h e  problems under  study. In developing t h e  game we are following t h e  
basic f o u r  phases  of game design (Greenblatt  and Duke, 1980): 
(1) In i t ia t ion:  t a k e  into consideration t h e  n a t u r e  of t h e  cl ient ,  t h e  intended 
use, t h e  const ra ints  of cos t s  and time, etc. 
( 2 )  Design: develop t h e  s ty le  and format of t h e  game 
(3) Construct ion:  create t h e  game, load d a t a ,  test 
(4) Use. 
2. PURPOSE OF THE GAME MINE 
According t o  Shubik 1983 t h e  following f ive  m a j o r  subdivisions of gaming con- 
cerning i t s  use  may b e  distinguished: 
(1) T r a i n i n g  : t o  i l lus t ra te  some a s p e c t s  without going into conceptual  de- 
ta i l s  
(2) Teaching : to g e t  across concepts  and a b s t r a c t s  
(3) Operat ional  gaming : (a) policy formulation, (b) d r e s s  r e h e a r s a l s ,  (c) 
gaming for sensit ivi ty analysis  and commentary on plans 
(4) Exper imenta t ion  : (a) theory  validation and (b) theory  genera t ion 
( 5 )  F L t u r e s  s t u d i e s  : i.e., s t r u c t u r a l  b ra in  storming 
The game MINE i s  designed for decision makers  in open-pit mining areas to 
minimize pollution of wa te r  r e s o u r c e s  due  t o  mining act iv i t ies  and to satisfy t h e  wa- 
ter demand (using mine d ra inage  water)  with minimal cos t .  I t  should b e  played by 
t h e  policy makers  o r  t h e  represen ta t ives  of t h e  d i f fe ren t  i n t e r e s t  g roups  t h a t  are 
concerned.  In o r d e r  to simplify t h e  game, a schematized policy-making p r o c e s s  is  
assumed, see Figure 2. 
The act iv i t ies  of e a c h  of t h e  i n t e r e s t  g roups  more o r  less modify t h e  water  
r e s o u r c e s  system, and,  at t h e  same time, modify t h e  conditions f o r  t h e  o t h e r  water  
use r s .  MINE should help  t o  choose  a policy in consideration of e v e r y  i n t e r e s t  
g roup  in t h e  area, and,  beyond t h a t ,  of t h e  d e s i r e  to p r e s e r v e  na tu ra l  ecosystems 
and rec rea t iona l  areas. 
The p layers  should l ea rn :  
- t h e  interdependency between t h e  di f ferent  elements of t h e  area, 
- t h e  consequences of t h e  ac t ions  and decisions of t h e  policy makers  and 
t h e  i n t e r e s t  groups ,  
- all t h e  d i f fe ren t  circumstances of a chosen policy, 
- t h e  necessa ry  coordination of t h e  demands and actions,  
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Figure 2. Schematized policy-making p rocess  
- t o  pay attention a lso  t o  t h e  long-term consequences, t o  t h e  global goal, t o  
t h e  reason  of activit ies of o t h e r  groups.  
Consequently, MINE is  f i r s t  of a l l  a t each ing  game. I t s  extension t o  a n  opera t ion-  
al game will be  decided based on pract ica l  exper iences  playing t h e  game with deci- 
sion makers. Other purposes  of t h e  game, with r e g a r d  t o  t h e  game o p e r a t o r  and 
t h e  scientists  are: 
- test, validation, verification of t h e  model, 
- new aspec t s  on t h e  decision making process :  t h e r e  may be  elements t h a t  
a r e  not considered in t h e  model, as well as psychological, social  and sub- 
jective a s p e c t s  t h a t  are difficult t o  quantify. 
With th is  r e s p e c t  MINE may b e  viewed as a n  e z p e r i m e n t a l  game. 
3. INSTRUCTIONS FOR THE GAME 
The game is  implemented f o r  a test area in t h e  GDR. 
We assume five p layers  o r  playing groups  (corresponding t o  t h e  decision mak- 
ing p rocess  descr ibed in Figure 2), each  group has  at l eas t  one player:  
[ I ]  Munic ipa l i t y  
[Z] I n d u s t r y  
[3] Agricul ture  (irrigation; t he  water demand is increasing depending on mine 
drainage) 
[4] Environmental  protect ion a r e a  a n d  a w n - s t r e a m  w a t e r  u s e r  
[5] Mining group  represen t ing  the following mines: 
- Mine a (closes during the  planning horizon and becomes a remaining pit), 
- Mineb, 
- Mine c, 
- Mine d is  not working a t  t he  beginning of the  game, water drainage has  t o  
be s ta r ted  before i t  opens. 
There may be an additional group, representing t h e  central  planning authori- 
ty ,  who is deciding in conflict situations. An o ther  possibility is t o  make these deci- 
sions together ,  by vote. 
The submodels of t he  game are based on the  s a m e  mathematical models as the  
Decision Support Model System under development fo r  the  GDR test a rea .  In Kaden 
et al. 1985a all models are described in detail. 
The game is designed f o r  10  planning periods (cycles). In Table 1 t he  time 
s teps  are given. 
Table 1: Planning periods 
Planning 
period 1 2 3 4 5  6 7 8 9 1 0  
1 yea r s  1 2  4 6 8 1 0  17  25 35 5 0 ,  
1 Time 
I 1 2 2 2  2 7 
Mine a closes in period 10. Mine drainage f o r  mine d may start in period 2, 
mining of mine d starts in period 4. 
The operation of the  game takes  about five hours at maximum f o r  the  whole 
planning horizon. 
To r u n  t h e  game, p lease  r e f e r  t o  APPENDIX B.  
3.1. Basic R u l e s  
There  is  a c e r t a i n  amount of water available in t h e  region,  provided by mine 
dra inage,  groundwater,  remaining pit ,  r i v e r ,  t r ibu ta ry  o r  water import. The u s e r s  
have a c e r t a i n  demand of water ,  t h a t  they should t r y  to satisfy with t h e  water be- 
ing available. They have t o  decide how much water they  would l ike t o  have from 
where. The mining people decide about t h e  amount of lime they are adding t o  t h e  
water (which could influence t h e  possibilities of water allocation, because t h e  
u s e r s  have t o  satisfy c e r t a i n  quality res t r ic t ions)  and where they are releasing 
t h e  water not being used ( the  mines have t o  b e  "empty" of water at t h e  end of each 
period). After this,  if no const ra int  i s  violated, t h e  resu l t s  p e r  y e a r  of t h e  l a s t  
playing per iod,  and the  accumulated resu l t s  of t h e  per iods  a l ready  being played 
are printed.  If some const ra ints  are violated (this happens usually, when no atten- 
tion is  paid t o  t h e  decisions of t h e  o t h e r  p layers) ,  t h e  decisions have t o  b e  taken 
toge ther  ( the  majority decides) o r  a n  o t h e r  playing group,  t h e  c e n t r a l  planning au- 
thor i ty ,  can  join t h e  game and decides,  what s t ra tegy  would b e  t h e  bes t  and which 
are t h e  pr ior i t ies .  
3.2. G o a l s  and R o l e s  f o r  the P l a y e r s  
The c r i t e r i a  f o r  t h e  quality of t h e  decisions are economic c r i t e r i a s  (cost ,  
benefits) ,  t h e  satisfaction of t h e  demands, and t h e  quality of t h e  water.  Consider 
t h a t  these  are long t e rm and global goals: f o r  example t h e  decisions in a playing 
period where one h a s  higher  costs  than necessary ,  but t h e  to ta l  cos t s  of t h e  whole 
horizon are quit low, are b e t t e r  than decisions, where a l l  t h e  in te res t  groups  t r y  
t o  minimize t h e i r  own costs .  Notice t h a t  you should not play against  each  o t h e r ,  but  
t h a t  you have a common goal. 
[ I ]  Municipality 
Your objective is  t o  provide water  f o r  t h e  municipal drinking water supply 
and t o  minimize cos t s  (with r e g a r d  t o  t h e  to ta l  cos ts  and t h e  satisfaction of a l l  wa-  
ter users) .  
Your water demand can b e  satisfied by t h e  following water  allocations: 
g - groundwater extract ion 
im - water  import into one region 
b - drainage water  from mine b 
s - s t ream.  
The following pipe capaci ty  res t r i c t ions  have t o  b e  considered: 
3 Table 2: Capacity of pipelines f o r  municipal water  supply (m /set.). 
Period 
Example : in t h e  f i r s t  per iod t h e  maximum water  allocation from t h e  s t ream is  
3 0.5m /sec. 
A s  t h e  drinking water  supply is ve ry  important, you have t h e  highest  pr ior i ty ,  i.e. 
t o  decide f i r s t .  (It h a s  t o  b e  proven whether th is  i s  a rea l i s t i c  assumption!). 
[ Z ]  Industry 
Your objective is  t o  satisfy t h e  industrial  water demand and t o  minimize cos t s  
(with r e g a r d  t o  t h e  to ta l  cos ts  and t h e  satisfaction of a l l  water  users) .  
Your water demand can be satisfied by t h e  following water  allocations: 
s - stream 
c - drainage water  from mine c 
d - drainage water  from mine d. 
You have t o  consider  t h e  following pipe capacity res t r ic t ions:  
3 Table 3: Capacity of pipelines f o r  industrial  water  supply (m /set.) 
Period 
, 1 2 3  4 5 6 7 8 9 1 0  
3 Example : in t h e  las t  per iod t h e  maximal water allocation from mine d is 0.3 m /sec. 
You have second pr io r i ty  a f t e r  drinking water supply. Notice t h a t  your  used water 
is of a bad quality and is  r e leased  into t h e  t r ibu ta ry .  
[ 3 ]  Agr icu l ture  
Your object ive  i s  to satisfy t h e  agr icu l tu ra l  water demand (depending on t h e  
groundwater table ,  itself depending on  t h e  d ra inage  act iv i t ies  of t h e  mines) and t o  
minimize costs (with r e g a r d  to t h e  to ta l  costs and t h e  sat isfaction of all water 
users) .  
Your water demand c a n  b e  sat isf ied by t h e  following water allocations: 
s - s t ream 
c - drainage water  from mine c 
d - dra inage  water f r o m  mine d.  
The following pipe  capaci ty  res t r i c t ions  a r e  valid: 
3 Table 4: Capacity of pipelines for agr icu l tu ra l  water supply (m /set.). 
Per iod 
I 
1 1  2 3 4 5 6 7 8 9 10 
I 
0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0 1 ::: 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
d 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 
You have  p r io r i ty  3. You don ' t  have  any demand at t h e  beginning, but  because  of 
t h e  mining act iv i t ies ,  your  demand i s  increasing (especially when mine d i s  going 
into opera t ion) .  
[ 4 ]  Environmenta l  pro tec t ion  a r e a  a n d  Down-stream w a t e r  u s e r  
Your object ive  i s  to satisfy t h e  water demand of t h e  environmental protect ion 
area ( t ake  c a r e  of t h e  quality). The down-stream water u s e r  are gett ing t h e  water 
le f t  in t h e  s t r eam ( the  quality depends on  t h e  quality of t h e  water r e l eased  from 
mines and industry).  Try a l so  t o  minimize total costs.  
Your water demand c a n  b e  sat isf ied by t h e  following water allocations: 
p - remaining pi t  ( a f t e r  closing of mine a )  
c - drainage water from mine c 
You have  to consider  t h e  following pipe capaci ty  res t r ic t ions:  
Table 5: Capacity of pipelines f o r  environmental protect ion (mJ/sec.). 
Per iod 
' 1  2 3 4 5 6 7 8 9 10 
Notice t h a t  you have no pr ior i ty  at all .  If you o r d e r  more water than lef t ,  t h e  con- 
s t ra in t s  are not satisfied and t h e  decisions have t o  be  made a second time a l l  to- 
ge ther .  
[5] M i n i n g  group 
You have t o  a l locate  t h e  mine dra inage water with r e g a r d  t o  t h e  minimum of 
to ta l  cos ts  f o r  mine water drainage and allocation. You can sell  your  water, if a n  
o t h e r  u s e r  r e q u i r e s  i t ,  and if t h e  quality i s  good enough. You can add lime hydra te  
f o r  water t rea tment  s o  t h a t  t h e  quality becomes b e t t e r .  The water t h a t  you could 
not sell  t o  t h e  u s e r s  h a s  t o  be  re leased into t h e  r i v e r ;  if i t  i s  of bad quality, you 
have t o  pay a f ine f o r  that .  
You have t o  a l locate  t h e  amount of lime tha t  h a s  t o  be  added. For t h e  possibilities 
of water allocation see Table 6 below. 
3 Table 6: Capacity of pipelines f o r  mine water allocation (m /set.). 
Period 
* a,@ means from a t o  8. 
Example : t h e  maximum amount of water from mine b t o  e x p o r t  in t h e  f i r s t  period is  
3 1.2 m /sec. 
3.3. Steps of the 'Game 
For each planning period the following steps have t o  be done: 
(1) Calculation and output of water allocation, i.e. quantity and quality of water 
being available in the  cu r r en t  playing period. 
(2) Calculation and output of the water demand f o r  each user.  
(3) Input of the  decision of the  water users  about the water allocation through the  
different pipelines according t o  the i r  priority (MINE version 1 : fill out t he  
corresponding form, s ee  APPENDIX A); 
(4) Check of the constraints 1 :  
- water demand less o r  equal pipeline capacities, 
- sum of demand from different mines less o r  equal than water in mine, 
- water table in remaining pit g rea t e r  o r  equal 110 m, 
- water quality of municipality ok? 
(5) If the  constraints 1 were not ok, go back t o  point 3 and make a coordinated de- 
cision. 
(6) Output of the  amount of water left  in the  mines (the mines have t o  be "empty" a t  
the end of each playing period). 
(7) Input of the  decisions of the  mining group: 
- the  amount of lime tha t  has to  be added, 
- allocation of the  rest of water in t he  mines (possible allocations a r e  ex- 
por t ,  re lease t o  the  stream o r  t o  the  remaining pit). 
(8) Check of the constraints 1 :  if not ok, go back to  point 3 and make a coordinat- 
ed decision. 
(9) Check of the  constraints 2: 
- a r e  the water quality f o r  the  different user ,  of t he  exported water and of the 
water discharged into the  stream within the  limits, 
- a r e  the  mines "empty" (water balance), 
- is the  water treatment over  the limit? 
(10) If the  constraints 2 a r e  not ok, go back t o  point 3 and make a coordinated de- 
cision. 
(11) Calculation and output of the  qualities of all water allocations (mines, stream, 
groundwater). 
(12) Calculation and output of the  results p e r  year  of t he  last playing period: 
- t he  costs for all  users  and t h e  different mines, 
- t he  degree of satisfaction of the  users,  
- t he  quality satisfaction of remaining pit, stream and environmental pro- 
tection a r ea .  
(13) Calculation and output of the  total  resul ts  of the  periods played up to now: 
costs and satisfaction of the  demand. 
(14) Next playing period. 
4. DIFFERENT VERSIONS OF THE GAW3 
The f i r s t  version of the game - MINE 1 - w a s  implemented in BASIC on an  AP- 
PLE IIe, s o  tha t  i t  can be used on a wide variety of small microcomputers. For ex- 
ample i t  has also been implemented on a NEC/PC 8201A, easily portable  because of 
i ts  small size. A playing board with appropriate  pieces is associated t o  the  com-  
puter.  During the  game, the  players a r e  sitting around the  board, filling out dif- 
ferent  forms with t he i r  decisions. The computer with t he  model is running in t he  
background, the  input of t he  decisions is made by the  game operator .  The commun- 
ication between model and decision makers is realized by pieces moved on the  
board. All model outputs as allocation and quality of water, results,  etc. are print- 
ed on a n  additional p r in te r .  
The second version - MINE 2 - is  implemented in FORTRAN 77 on the  VAX and 
the  ALTOS. A graphic  terminal can be associated, tha t  corresponds to t he  board in 
MINE 1. The input of t he  decisions is  made by the  players or by the  game opera tor  
on the  computer. 
The gaming board for  MINE 1 and the  graphic  schema f o r  MINE 2 represen t  a 
schematical map of the  test a r e a  (see Figure 3). They also show the  stream, t he  
two t r ibutar ies ,  the  groundwater extraction possibility, the possibility of import 
and export.  The lines between these items represen t  t he  pipelines fo r  water allo- 
cation. 
On the board, water is represented by coins with different amounts, the  quali- 
ty is represented by icons of different colors. Those pieces are moved around by 
the  players and replaced by the  game opera tor  a f t e r  each playing period. 
Dn the graphic ,  t h e  lines represent ing t h e  pipes  are more o r  less  th ick,  
depending on t h e  amount of water. The co lor  of t h e  items on t h e  s c r e e n  r e p r e s e n t s  
t h e  corresponding water quality. The input of t h e  decisions i s  made on a n  addition- 
a l  terminal. The cos t s  and t h e  amount of lime added is  shown next  t o  t h e  items con- 
cerned.  All th is  information can be  updated a f t e r  each playing period.  The o t h e r  
resu l t s  p e r  period,  as well as t h e  accumulated resu l t s  are shown on t h e  additional 
terminal, from where t h e  game and t h e  g raph ic  terminal are opera ted  as well. 
5. EXPERIENCES 
Beside t h e  tests, t h e  game was running t h r e e  times under  t h e  f i r s t  vers ion 
MINE 1 and once under  t h e  second version MINE 2. Both versions a r e  built a f t e r  
t h e  same model, have t h e  same decisions and s teps .  However, a f t e r  those  f o u r  r u n s  
we noticed, t h a t  we have t w o  different  games. The implementation with g raph ics  on 
t h e  VAX w a s  a l so  intended t o  give t h e  game a more professional and ser ious  touch 
because t h e  word "gaming" h a s  a wide meaning, including activit ies t h a t  are not 
taken too  ser ious .  We can define " ... a 'game' a s  a c e r t a i n  t y p e  of 'model', i t  i s  
a p p r o p r i a t e  to regard  the p l a y i n g  of a game as a k i n d  of ' h u m a n  m a n i p u l a -  
t ion' of t h i s  model" (Stah1,1983). A board with pieces  t h a t  have t o  b e  moved 
around suggests leisure-time occupation. 
Contrary  t o  a l l  expecta t ions ,  t h e  board game MINE 1 w a s  a bigger  success.  
Only t o  make people s i t  around a t h a t  board brought a l ready  a feedback.  The fac t ,  
t h a t  they had t o  move those  pieces,  visible and obvious f o r  a l l  p layers ,  increased 
t h e  communication between t h e  players ,  th is  kind of ' language' being much b e t t e r  
than t h e  numbers on t h e  s c r e e n .  The resu l t s  were discussed in t h e  group,  what in- 
tensified t h e  motivation. The game w a s  running almost on  i t s  own. 
Running t h e  second version,  i t  was much more difficult to make t h e  people 
play,  they had t o  be  motivated by t h e  game o p e r a t o r  to  keep  t h e  game going on. 
Each group made i t s  decisions alone,  no  r e a l  discussion came up. 
Running t h e  f i r s t  vers ion of MINE t h r e e  times, w e  noticed t h e  following differ-  
ences  in resu l t s  and behavior:  The f i r s t  and second time, MINE was played at t h e  
Working Sess ion  o n  Mathematical Modeling of the Environmental  Subsys tems  
for  the A n a l y s i s  of Regional Water PoLicies in  Neunzehnhain,  Erzgebirge,  GDR, 
June 25-30, 3984. Some of t h e  par t ic ipants  were t h e  scientists ,  t h a t  built p a r t s  of 
t h e  model. They played t h e  second run.  The f i r s t  run  w a s  played by o t h e r  par t ic i -  
pants  of t h e  conference,  t h a t  are familiar with environmental problems and region- 
f i g u r e  3. B o a r d  of t h e  g a m e  
a1 water policies. Already h e r e  we found a different  behavior:  they t r i e d  t o  work 
toge ther  a good as possible, t h e i r  s t r a tegy  w a s  t o  minimize t h e  sum of al l  costs.  
They had quiet  good resu l t s  after t h e  second playing per iod,  when they found out  
about t h e  mechanism of t h e  game and t h e  behavior of t h e  model on specific actions. 
Playing with t h e  group of "experts" t h a t  built t h e  model, i t  was difficult t o  ge t  t h e  
game going on: they s t a r t e d  t o  discuss some of t h e  submodels, arguing on t h e  
pa ramete rs ,  e t c .  Each playing group consisted of t h e  corresponding exper t s .  They 
t r i ed  t o  minimize t h e i r  own costs ,  playing against  each o t h e r ,  what made t h e  con- 
s t ra in t s  fail quiet  often.  A t  t h e  end,  they had t h e  bes t  to ta l  r esu l t s ,  because of one 
of t h e  basic decisions of t h e  game, t h e  s t a r t ing  per iod of t h e  dra inage of mine d. 
The players  of t h e  mining g roup  took t h e  optimal choice. Finally t h e r e  w a s  a gen- 
e r a l  discussion, where some points of t h e  model were questioned. The importance 
of communication was emphasized. 
The th i rd  time, MINE r u n  at t h e  International Insti tute of Applied Systems 
Analysis with an  a r b i t r a r y  group of people. I t  came ou t ,  t h a t  t h e  d e g r e e  of infor- 
mation was too low f o r  people from o t h e r  areas. To play t h e  f i r s t  period took a 
long time, many questions had t o  b e  answered by t h e  game o p e r a t o r .  After some 
rounds t h e  basic aspec t s  of t h e  problem came out. A s  MINE is  designed f o r  decision 
makers in open pi t  mining areas, i t  should be played with people familiar with th is  
problem. 
.The second version of t h e  game was opera ted  on a Task Force  Meeting on t h e  
Analysis of Regional Water Policies, November 27-29, 1984,  at t h e  International In- 
s t i tu te  f o r  Applied Systems Analysis, Laxenburg, Austria. Severa l  graphic  termi- 
nals and usual terminals were placed in t h e  room, visible f o r  t h e  players .  Each 
playing group consisted of two p layers  and had his own terminals. Contrary  t o  t h e  
board,  which increased t h e  communication, t h e  terminals decreased  i t .  No discus- 
sions came up,  i t  was difficult t o  keep  t h e  game going and t o  motivate t h e  players .  
6. CONCLUSIONS 
The game MINE o f f e r s  a supplementary tool f o r  t h e  analysis of regional water 
policies in open-pit lignite mining areas. In t h e  p r e s e n t  form t h e  game is  a n  exper -  
imental and above a l l  teaching game. The f i r s t  gaming sessions indicate t h a t  i t  i s  
ve ry  useful in o r d e r  t o  ge t  a b e t t e r  understanding of t h e  complex in te r re la ted  
socio-economic p rocesses  in lignite mining regions f o r  decision makers and t h e i r  
s taf f .  In analyzing such gaming sessions behavioral  a spec t s  become obvious which 
hardiy can be  formalized. 
For  teaching purposes  t h e  simpler version MINE 1 with a gaming board is  
favorable  due t o  i t s  communication c h a r a c t e r .  The game MINE 1 should be  im- 
proved f o r  th is  purpose  by modification of t h e  d a t a  in o r d e r  t o  emphasize t h e  sig- 
nificant p rocesses  within t h e  system. The sophist icated computerized game MINE 2 
seems t o  be  only useful if i t  is extended t o  an  operat ional  game f o r  p rac t i ca l  prob- 
lem solutions. By combination of t h e  game with algorithms f o r  multi-criteria 
analysis a v e r y  powerful suppor t  tool would be  available.  But t h e r e  is  one 
bottleneck - t h e  availability of decision makers f o r  gaming sessions.  I t  is doubtful 
whether decis ion makers represent ing the in teres t  groups c a n  be ident i f ied 
a n d ,  2 .  t h i s  i s  done, can be  stimulated t o  play t h e  game together .  This question is  
not t o  b e  solved academatically at IIASA, i t  r equ i res  p rac t i ca l  a t tempts  in t h e  re- 
gion of in te res t .  
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APPENDIX A 
Example  of M I N E  1 
Information f o r  t h e  o p e r a t o r  on t h e  situation at t h e  beginning of t h e  c u r r e n t  play- 
ing period: This information has  t o  be  visible on t h e  board  (QS a r e  t h e  correspond- 
ing balance points along the  stream).  
P E R I O D  1 
WATER AVAILABLE 
MINE a 
MINE b 
MINE c 
MINE d 
Q S l  
Q S 5  
Q S 7  
QS6 
Q S 2  
Q S 3  
Q S 4  
DEMAND : 
MUNICIPALITY .2 
I N D U S T R Y  3 
A G R I C U L T U R E  0 
ENVIRONMENT.  PROTECT.  A R E A  .02 
DOWN-STREAM WATER U S E R  25 
Now the  c o r r e s p o n d i n g  form 1 f o r  the  u s e r s  h a s  to be f i l l ed  o u t .  After da ta  input 
by the  o p e r a t o r  t h e  const ra ints  a r e  checked: 
C H E C K  O F  T H E  CONSTRAINTS 
T H E  CONSTRAINTS 1 A R E  OK 
AMOUNT OF WATER THAT H A S  TO B E  DISTRIBUTED:  
MINE a :  4 . 1  
MINE b: 2.95 
MINE c :  2.03 
Now Form 2 has to be filled o u t  b y  the  m i n i n g  p l a y e r s .  After d a t a  i n p u t  the  
c o n s t r a i n t s  a r e  checked a n d  the  r e s u l t s  a r e  pr in ted: (CS is the  q u a l i t y  in  t h e  
balance  p o i n t s  of the  s t r e a m ]  
CHECK O F  T H E  CONSTRAINTS 
CONSTRAINTS 1 A R E  OK 
ALL CONSTRAINTS A R E  OK 
WATER QUALITY 
a = 2 
b = 2  
C = 2 
C S 1  = 1 
C S 5  = 1 
C S 7  = 3 
C S 6  = 1 
RESULTS OF PERIOD 1=1981 (Mill. M a r k / y e a r )  
COSTS: 
COSTS FOR MINE a 
COSTS FOR MINE b 
COSTS FOR MINE c 
SUM OF COSTS FOR MINING 
COSTS FOR MUNICIPAL WATER S U P P L Y  
COSTS FOR INDUSTRIAL WATER S U P P L Y  
COSTS FOR AGRICULTURAL WATER S U P P L Y  
COSTS FOR DOWN STREAM WATER USER 
COSTS FOR ENVIRONMENTAL PROTECT. AREA 
NOT SATISFIED DEMAND: 
MUNICIPALITY 
INDUSTRY 
AGRICULTURE 
DOWN STREAM WATER USER 
ENVIRONMENTAL PROTECT. AREA 
WATER QUALITY: 
STREAM 
ENVIRONMENTAL PROTECT. AREA 
PERIOD: 
User 
Stream 
Groundwater reservoir 
l mport 
Mines 
Remaining pit 
Municipality 
l ndustry 
Agriculture 
Env. protect. area 
Down-stream water user 
DEMAND: m : 
Form 1: Water  aLLocation f o r  w a t e r  u s e r s  
- 20 - 
PERIOD: 
Quantity of lime: a : 
b : 
C : 
d : 
P :  
Distribution of water left in mines: 
Form 2: Mine w a t e r  a l l o c a t i o n  a n d  t r ea tment  
APPENDIX B 
How to Run the Game 
VERSION 1 
To run  t h e  game, see also  Appendix A f o r  t h e  playing s teps .  You need a n  AP- 
PLE I1 e (and a floppy disk with t h e  game MINE) o r  a n  NEC/PC (and a casse t t e  with 
t h e  game), a board and t h e  corresponding pieces and coins, two kinds of forms at 
leas t  f o r  each playing period and a s h o r t  description of t h e  r o l e  with t h e  pipeline 
res t r i c t ions  f o r  each  player .  This r o l e  description h a s  t o  be r e a d  from t h e  
players  be fore  t h e  run.  The information on t h e  amount of capaci ty  res t r i c t ion  is  
needed during t h e  whole game. The information of water available and water quali- 
t i e s  has  t o  be put  on t h e  board at t h e  beginning of each  playing per iod,  using t h e  
coins and t h e  pieces.  The demand pr inted out f o r  each  period h a s  t o  be  put on 
form 1. Making a decision means t o  move t h e  coins on t h e  board:  in t h e  sequence of 
t h e i r  pr ior i ty ,  t h e  p layers  of t h e  water u s e r s  have t o  make these  decisions and t o  
fill out  t h e  corresponding row in form 1. A t  t h e  beginning of period 2, t h e  decision 
on t h e  s tar t ing time f o r  t h e  dra inage of mine d h a s  t o  be  made. These decisions 
have t o  be  put by t h e  o p e r a t o r  on t h e  computer. The const ra ints  1 are checked,  if 
they are not ok,  a n  information on t h e  reason  f o r  t h e  fa i lure  is  pr in ted out. A new 
form has  t o  be  filled out  by t h e  players  (decisions made by a n  additional playing 
group f o r  t h e  c e n t r a l  planning author i ty  o r  by a l l  p layers  toge ther ) .  Now t h e  
players  of t h e  mining g roup  have t o  make t h e i r  decisions on t h e  amount of lime 
they have t o  add and t h e  allocation of t h e  rest of t h e  water lef t  in t h e  mines. They 
have t o  fill out  t h e  form 2, t h e  decisions a r e  put on t h e  computer by t h e  o p e r a t o r .  
The const ra ints  1 are checked f i r s t  , then t h e  const ra ints  2. If one of them is not 
ok,  additional information on t h e  reason  is  pr in ted out and t h e  whole per iod h a s  t o  
be  played again. If a l l  const ra ints  are ok,  t h e  resu l t s  are printed out  and can be  
shown t o  t h e  players .  Give them enough time f o r  discussion, but at t h e  same time, 
keep  t h e  game going. Pu t  in, which period you want t o  play nex t  and continue. In 
Figure 4 a flow diagram of th is  version is  given. 
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Figure 4. Flow diagram of MINE, VERSION 1 
VERSION 2 
Beside t h e  adequate  computer (VAX o r  ALTOS), you may use a n  AED graphic  
terminal with t h e  corresponding software. The sequence of t h e  game s teps  is  t h e  
same than in version 1. The water available as well as t h e  water quality are shown 
on t h e  computer g raph ic ,  t h e  demand of t h e  u s e r s  on t h e  terminal, as well as t h e  
menu f o r  t h e  following s teps:  you can  ask f o r  additional information before  you 
have t o  decide,  o r  go on with t h e  water demand. The sc reen  shows a matrix with 
t h e  pipeline res t r i c t ions  and t h e  amount of water already o r d e r e d ,  t h a t  you have 
t o  fill ou t  with your  decisions (a t  t h e  same time, some basic const ra ints ,  l ike pipe- 
line capacit ies,  are checked).  A t  every  time, you have t h e  possibility t o  go back t o  
t h e  las t  s t e p ,  t o  see your  demand o r  t o  apply f o r  additional information. A t  t h e  be- 
ginning of period 2, t h e  decision on the  beginning of t h e  dra inage of mine d h a s  t o  
b e  made. The next  s t e p  would b e  tha t  t h e  players  f o r  t h e  mining group have t o  fill  
out  a similar matrix with t h e  amounts of lime and t h e  distr ibution of t h e  rest of wa- 
t e r .  The const ra ints  are checked,  if they are not ok,  you go back t o  t h e  beginning 
of th is  period; if they are ok,  you can update t h e  g raph ic  and see t h e  resu l t s  (qual- 
ity and annual costs  on t h e  graphic ,  accumulated resu l t s  and satisfaction of t h e  
demand on t h e  sc reen) .  Go on with t h e  next  playing period.  
Plan enough time f o r  a l a t e r  discussion on t h e  whole game! 
